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I. r NTR3DU:rI3 I

This thesis is part oE the long term effort of the Naval

*Postgraduate S chool1 to CDo1Is: r a n a igr PCSt EL?
el--tromacnetic ncise on tae sea flDo : and fromt a nearbv Ian!

s-1- 4-On. The prcjec-':s 0 j ec-i v a 4t-: Stuidy ---I :d r~
Si:'.a"S -r : t4 0.05 .6- Z~ Z Z~~ ae

nctse Spr' ths sea 'lcc: an!- r)" la a)Z Z e:*: d sevze-%

yea rs.

The sperific Dbectives ocf this :hesis are -wofoid; to

calibrate, in3stallI, SnI opi ate t:ie lan 13:a coilmctcioal
system; an,! to 19VElo3e I copu.:ar program 1:D analyze --h=

da a recorded to Prov4ime Bisily tliZ d -r-7 E""v7

i :Z VAA'c4 .4 F UT1NC7HE G H .1A G:N'I r:Z F.E L D

The eart:h's m ag ne ti fi*eald- hs r.e u s ed n : ur ~s

foC navlqati-on at sea aa I for Eaciev lirecti.on on Ia n I
Th s e ccmmon asss are 1---penlent Da the s t a ag

field.-he static field4 :in be gaara.2.v characterized as a

magneti-c dipole at a 11.5 degree in:lin-a::ion :D thze axis of
rotation of the earth. rt shows Daly minor diurnal vra

4t-ins i4r. directica. Its nagnitudi waes g::eanly ovder -he
earths surface but usuallf is in the range of4 43,330 to

70,000 nano-Teslas (nT). It Montarsy, California thesta:
1 feald has a valua of L48,633 nT.

it has cnly been, siaca the 1-iscover-y of ragnetic inrduc-

tion that the underlyIng; rariati-os La thes static= field have
become wel1l k ncw n. These waria--Ionrs are Jaue to Many

* so4rces. The sources inclids, but are no-- imited 1,o, solar



activiti es, lunar daiA.ly vicia-t.-ons, 3!gnslic s':=MS, thun-

derstorms Ir. the earth's atmosphere, eazthguakas, and ths

det6onation of nuclsar dzevires. :)Ti o_ th=e maj: -:on-tributor T
to this is the Inter-actioi of the -ftar-ed parti :l9s from meii

sum wi'th 'the earth' s maqnat osphere. rhase events var-y wi ds-l

iduration, ampli*tude, ail the fzegiancy range they fet

W Ithir. -!-h e fregquency rarl? of this system th? nosm S 1:CMOI

V _CamIcrs are charactc-riLzed &.3 Mi;::)UlSaor.

0.2 seconds to 10 mi nute .Te ayL ~i~e .001

ri- --c as hiah as a few tas off rni. I'hev are_ lttri*_4 to

the I rt er acticnor of groups of, :aargsl particles opg:n

- he earth's magrnetosphace as hylroutaretic! waves. =hsc

waves 4-rturn create the so)ircs curreats, (primazily in. tn.e

i02 sphere), for the m"6:ropulsatio:a il. Yirulaon

aedivied it c t w c 'aaoi: Sgu~ilar anf A '

cof:uu a: 0. c:oisatIcn : a'iar. 0 7 inn r

di'ffersnce betwe;n t he tioi that tas Oc noi'a-:s

haws a semi-s_-nusoida2. nature wh-ile ta=_ oln:oula~n

show i6rregularitie In bo th amplItu-A'a and f==eiuericy. IThe

pe: iod rangas and -average implituds foIr those oilsations areB

"isted ir Table 1, (Ref. 1].
The overwhelming majority of the pulSatIon)S Ls

fre qusncy range arc- du? to sol.ar a zti vit y r n a -dIiion-,

"Szhumarrn" resonance. w-il plob ~ arzn-: la tevicinity

of 6-8 Hz. T7heSe resonaaces= are laue to li-ghteni:g t:asnt T

:n the concentric spha~ical =:ivi between the ea rt h'3

surface and the lower regio3n of the L-orosphere, :Ref. 2].
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rABLE I

Geomaignetic cropuiLsa': C2asss

Notation Pceri:d (S_: ?p. run )

p:1 0.,2-5 0.05-0.1
pc2 3-10 1.-1
pc 3  13-45
pc4 45-150
p=5 150-600 1-10•i 1-40 )31-0.1!

1-_-

-,. SYS1 Ds:a:Sp. o O'5

SFigure 1.1 3-?nsiig Cnil Dimensions

L

I 1I

l I .. . . . . .



The sensor sratem z::an*'y smplsdB consists of a thrzz

coil land systcem deployal at La Maesi Vi-llage qoasing area,

approx-mately 2 km from *!Le Naval Postgraduate School -data

collection center, and a too coil set system deployed or th::

bottom cf Monterey Bay. Its dIstance to the Naval

Postgraduate School (NPSi varied1 from 2 to 4 ka. The

criqoinaj. intsntion of the project 4as to deploy -the lani
Sys-:em appro0Imat tly 22 1, '=s "::-a Ina Naval ?oszgaduats
Sclocl a-;- Che'w'- Ridge. 'xspoe ~zsbl= duz do ata

t2isic if ficu1tiss. SeApoendi-x B fo: aiz:4-:onal

o~ma.onon thi's sire.

* -Each sensina =oil is i clatinioisly wound coil arn*=naa

* made up of approximately 3460 turns of 18 gaug=e zopps= wizs.

Te average sz-n s--,- are-a o f =,a--h coil- is ).3825 sauare-

meters and its di~iens--ons ar=- as lsoD-c--=d inFiguz: 1.1.

Tze sea syst-em has t- s coils mc un t -1-4 ortogon ally, -isu a 1,
it the -c=izont"al ulans. zhe a - q 3vt rz ccil a re a f fie

7o a wcce-n muoll n :th-a t .o2s thn 'aa:. Li ar orn-zhoz)ail :

r--on; S x Z Figure- 1.2. -j'2 - ' f~

szea system cannot be deltermined w an lenloysl. T h i lan-I
sysnen &.s oriented wia ta e X- Zoi in th e magnetic ICrt~l-
soath direction ,Y-coil. --a -the magne='-iC eas:-wasn d-Lrsc-on

and the Z-coi;l in t66h, verzical.

The two systems wars designed to be as similar is
possi ble. TJhe coLls, p lifI er =ign. c'dtioner in!

pulse coe modulator (P.CM) are idan:ical in design and were

all ca6batd to insur? tas? produrtion of val-Id lata. Thz

9e-hnical descriptiJon of a.1l of thesez iteo-s rnav be fouanl in

rRaf. 3) r he land system is dployed as shown In ?4igure

*1.3. The pre-ampli-fiars are battery powered1 an! located

wit h in or,? foot of the zoi-Ls. The oi mount- and preampli-

fiers were posi-tioned ipproxi-mate-Ly 50 meters from thes

sign al1 conditio)nsrs, and zonnected bv three coaxial cables.
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IT. SYrE CALt3RkrrON

A. INTPODtCTION

The triaxiai ccil i aetoets: system is L&Laramed i n
F.'.gur e 2. 1. rhe laa ss3ene M13 this*= : :yS-:s

given= by VX (t), vy,(t) aal 7,3(:i1; tha Z'Utout vclta.es

ateQd by the inp ut m agqnvni _ - f s y smt -::n s fs 'i n c-

t r. must be lat rrm--I? i s~ -:.- a a g7 c -3-71
coaponents can be rsmi:.ie! ft.cu th-m Ci~u vciar. ths

t~iedonan telat onsai btw, the outpit Vol-ae n

the maqnetic fiel! i-s a c:)av, i tZ -a t~eqral,

vi N4 h; (4-t' W1tit 1

wha re i=x,y,z. It is more zonvaent. t:) exp=ress Egn. ()i

tefrequency !oma-n.

The trarsfer f unc tion i; (w) car: SaSily be date:minei it

terms of the ratio. of oUtout to aa ;-,Put test signal c.- bw

aniJlysts of the measureiet1?t system's propertifes.

The rext section disc.SeS the -:oiporients 3LE the sys-:9m

ani attempts to develop i systan a,!el. The last section

describes the calibration ueasuraenen-s and the sxperimental

detstra.tcn of the transfer functi..

B. SYSTZI DES:RIPTION

The indivilual. tra.asfasr fircti,1t fror the sensinrj coil.

Vc (W) JwK B (W) (3)



I-OI Im I-OPCTC"

I g-COIL v~

Figure 2.1 Syst3I Cospoaant :onfiguration

where V. (s) is the speztrim of ta-3 vol.tage 1d:ctIv out of

the coil and K is ! gain fictor.

The rqx4- component Lri :hel systza ~s the orsiaolifiear low
~a~sfiler. The preampL fir intr-)Iai~s a ga: a of 1000 so

hevclt-age signal can be sent to :smote instrumentation.

The low pass filter is i fire pots Chebyshzei winE a 3dB

cutofA. at6 20 Hz. The fil:ar is orini:iUy ussi to -rmovs 53
Hz si.gnals from the systeu and to P:efilt-er the data before

it is digiti-zed. An additional pole Ls introduced because of

a :aac~~vecouplinrg betiaen the sez-or~d and third stages of:

the fite. Figure 2.2 shows a p~la-zero 11-igran of -hf
praampli-fier. "Lhe trarsfe: funztion :!akes the fo)rm:

H(1) =K/(jw+a) (Jtd~b) (j"4r-Jd) (jae+r'.jD (jm-+e-jfi (ju+z+jfi) (C4)

15



where K is -he gain of ta? pzaampl11ier and the coeficients

a - f are determined from ths pclze-zaro diagrai.

The pre coa i tio ncr ia; adlitiorial gain of approxcimately

1030 and has zener diodas to li mi t t-tz inpult voltage to the

PC.I board. Typically the 7itofif is a:Dand 7 to 3 volts.

The magnitude and phase r3sponse of the aceampifie-

filte r a r d p r 9-oon! Iti z a== Showa ai F-gurss 2.3 thrrugh

2.3. Thr inout test siqnil aeflera-:14 t-hass cu--vas had a

~igntue ndphase chara::er is s'a~wn -i ?iga:=es 2.9. -.4

-i;ures then rsepresent the actuaal 1, - = "r f uno::tions of th:e
prar'lf'e-i.e pr~aIozr sstem fo: thF X-V-z

channel~s of land and oceai szensor s7;-zms. The figures show

th at the channels are waLl match-2d La maaitalh_ aad phase.

The phase response s 1 ~ae a and v rtually identic al i n

*every cas. This. .6 is an 'iportint ooant since tq? othass nars
*.of thq transfzer f u nct i '6-: not a:e)oved 41raon th ou 11 1

voltage signal. However, sincez t h I t aralys s in t-e:3ts
'Of Dower sDoectra. l s-' and cae'rs :c als .

bea:r.P. acn -he r,:suP ts.

The total transfer faa:t -.a of meiz system is th produ::

of Eqn. (3) and (4) . Basel on these focmulas andi the f-quz1es

the resulting transfer fiactiJo. is :edicted co be fairly

l-inear at the low frequen_j enl.

C. DETERINALTION OF' THE' SISTE,1 1?N~ki3F! FUNCTION

The magnitude of the 3ste rnfrfncinwsdtr

mined experimentally thcoigh -:ie use DE a Helzaoltz coo2., a
souceof siausoidal ci:ent and a soaclrum iatayzer.rh

exosrimer.tal set up is illustrated -Ln Figu re- 2 .10. one

turn Helmholtz coil wit .1 mt:rdu and a 0.51

meter seperation betweea :o4lls was isel to oro)vile a cali-

brated magneti&C f:.i. d to t:ie sansiag:ol The ssnsing coil
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was placed concentric to tChe ffslmhotItz ccil, and cnee

Vertically, t- ensure a ainifo rm minetic field about the

s -Bns 4-ng coil1. The maan=!t ic field in tr:h Is czegion of the
Helmolt coi isdiactsi along its axis and is given by

(Ref. '41

B -A* , 8 1N 1/5 YTR (5)

to terms on the crder of (E./R), whare_ L is the Linear d im en -

sion cf: the region, N is ths numbzer of turns, R is the

coil. ;h 4 ~: na curn was ooa:=d ba gavztek zsional

-r~a-.cr, 'Ioel 1 u mbp: 14i2. Tha :-u:-r4t da~ s easara~d by
:a a the volt.age across a 996 ohm :ms-stor -*;n ser es w-;-h

th-= Helmholtz coil. A s p=e:t6r'm analyze: (TiP-3 582A) was used

to _ TeaSUrS the system :)utput to av:o-.d a;-y spuzious signals
ge rte yharmonics. 87 re=Peat>;:I the Meas-ureMents a-: a

rnobe r cf ifrntf:7=_u encies an drve i" c- :rrer-s, h

* vs:-r- m::ans: -cur c-.c c :)ud be- -os zead

IThes actual c aIi b zation wfas oaiedat th= ~~.s

!i=a;- siei na -He sstuic ilus:aediniurs 4..13.
Th Hlnotzcc.~, se=nsirg coil nd orsampl1i"is= wer=

located approximately 40D meters from the shack which' hocused

the rmierof the 44e::mr-- ih the Halmholtz coil

disconnected the backgrouna magnetic noisae of t-his loca-6non

was repeatqlly examined to ensure aczatate readings. Figqure

2.11 shows a typical bazkground noise= mlot_ from thE sp=ectruu

analyze: (the transfer function has aot been :smoviQ) . The

dist:inct features are Schamann resoaances, o t he r wi'se the

backgrcur~d was low enoughi and st~able? e-nough to adequately

calibrat e the system. Jrnly at the Schumann f--equencies was

t-he background subtracted from the nsasured output vO-!tage.

Calibration runs were condactead from 0.05 Hz to 20.0 4z wit1-h

a Dpl1 1.ed c ali2.bra tedI m aqgn st-Ic f mel o f 0.02, 3.2 and 1.0

25
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IFigure 2.10 System Calibration Experiuent

naicteslas. Figures 2. 12 thzough 2.16 show the zesu1--:inT

calibration curves of the land ani ocean magn~etometer

s ys't ems . The t rue transfer fuctia ;_s :represented by the

0.32 nT fi eld. The larger appliead f'-ells show sat:uration of

the system at the protct6ive zener Hi)des 'n the preconli-

tioner. At the lcw frequenzy end all the syste~s are closesly

matched. At 1 Hz an out pli volt ags of 1 v indicates i

measured magnetic field of 0.4 nT. A 1 nT fiell i-S sa-tu.rated

above 2 Hz.

4The comp~uta tion of the equati~ns, representina the

magnitude of the transfer fun=,tions, requires fitting th-i

data -to the theoretical trapsfer_ finztion of the Prev:ous

se-_tio40. This would be desirablz ir the phase character of

25



'the sys-em transfer function need be estimatad. However,

sinc e -he primary area )f interest Is in the lovsr frequency

regicn, and since the phase respoase is not needed if the

various channels maybe assimed identical, it was decided to

model -he transfer funCtions in terms of linear segments.

The equations derived in this manner have a maximum error of

11 in the range of 0 to 10 Hz ard 5 -n the 10 to 20 Hz
range f'or the magnitude of the transfr funtion.

In -he actual computation eazh czrve was broksn into

ccr.venert seqments n ha:. :uiaode te y a

ae. Th rang s cf the s egiin-s were z tc 5 Hz, 5 tc 7.5 He,
7.5 to 10 Hz, 10 to 15 i. and 15 t 20 Hz. rhe J-cn:

in e parameters were comDlted for a-ch segment to yie2!d a

series cf fil'v equations to mo-el each sensing coil and

amp li ficatien s ys- em. See Tabl.e EI for the iniiviual

transfa- functions.

I
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111. Q&T EVALEJkr! N

A. POWEE SPECTRAL DENSITY AND ALIASING

The --f4-t step in;_ the analysis :)f the data collected was

h? determination of the pcwe:= sp=eztra d er s it =s (PSD's)

Ifor- each chalnnsl of the la, and S za 1 ata. This was accom-
plfsh Ed -4 hrcugh the use of t compute:r orcaram 2=evslsoed by

J. i. Schwsiqer rR,:f. 5. After_ --:I roifica-:ior of "Its

Progr9-am, approx2.matel .y :_wenty h-ours :real tiune data was

evaluated. Samol-s of th= P3D's ar= :):esenteqd -a F--u=,es 3.1
to 3.5.

T he o vesall value Coff th PSD' Is i- emn wt
previous wor cdC4_Ed in ths e The ?SD's havea

* dc~ie o aprcxmatel y - 6 d3 pe zae from 0 .6o 5 Hz

-hr thn ted to dec rase t hesi'r :a t z o f =eclines. Nqh-

P SODIs trde I toc be 3 0o 7 1 B below z-i- daVtime lEvel.
C_' _c4dCEs di'bh tU firdings McDvi an! HOTman (19 0) ,:.

W . Beard,- (1981) and A. C. F~sr3ihand J. L. Buxt-on

(1975), (Ref. 61.
One fea-:ure of the P 3 D Is th'at liffered from previous

PSD's isthe sDpi*ke a- 4 HZ in the lail data. this was found
tbe"ali asinr.g"1 of the 53 Hz power gtrid component b h

PCI sample:. This experimenz. was zonducted with a sample

rate of 32 Hz; which, by the sampl-ig t:heorem, should acivs a

clear v-ew of -he frequeacy range of 0 to 10 Hz, w hen

coupled with the 20 Hz cut-ol-ffile in :e piirRef.

~1. The 60 Hz componeat cf the geomagnetic field was

* measured by F. W. Zlayton (1973) and found to be- 4 (nT) Piz,

whi-ch is 10 higher than the surzouniirg data :1ef. 81. The
20Hzfite, ut inothe ampl iication system, woull

normally eliminate f~equen-.iss~ this range bu: because of

33
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the great dif ferenr.c es i magrnitude -:his does n~o, ha noen.

When the 32 to 64 Hz range is corvO7Lv=d onto thie 0 to 32 Hz

TI raaqge the 60 Hz component will appeaa at 4 Hz. rhis destroys

*the usefulness of the data 4-a a small region about t hiJ.s

* poi-nt .

* noher point of interest is 'llist-rated by the vertical

component of the sea data recorded -)r Seotember 16, 1982,

Figure 3.5. Dur -Ila this: x~ pezimen-t th-e Y-coil was orien-ed

a erical rather than thz more aorma. hor~zcn-!'a d~rc

PSD. T :s : n aa: e m =-n w--h ahe nieorv -ha t , ozcase

of the ccean.-ar i.nte r f 3:s, ge:oa natic wave=- 0':' aate

vern,:cally in th sea, this imina t this comoonenn_.

B. STOKES 2ARAMETERS AN'D rHEIR TINTER2RETA=IN

ft er :-ecc 2.ect-ion o= the data duLria J,1nen

SeCtmbsr of192 t .e p ro blIm of do Do:trr: ~bc

:7 .1 e Co ncern. Durina the !a-toe:r pa-: o: InS ri a

a~~ -'orm was nerelspd --m ne:z nhe- 70we

Spzctra2 Dens-n-es (PSD'sI by J.M. =!i we cr, Dzrber 195-2,

R~e -. 5.
Thi p. 4 rogram proviiei the basic s--ructure to read the

data poirts off of magnet--- data tape arnd, -:h-ough -:he use

of a Fast Fourier Transfoca (FFT) roa.tine and trnsfer funo-

t-:)n s , to co mpu -e thea geomagnsti:: flIuct ua: -:)n s I:n the

*frequency domain. Thi.,s program provi-ded th- basic format

which was expanded and modified to prodlice other- narame-srs.

The derivations of -he equ ati'ons ~rteeparamEtirs and

their iArterpretation comprise the renaindsr of zrhis smect--on.

*The first parameter t:) be discissed is the coherencze

bet we en the different zhaanels on !ind and sea. Coh=ererce

gives a measure of the "'singleness' o-f -he so- urce at t h

var- c us freiu en c -es. "Siaglene:ss" inthis ccntaxt :afers to-
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whi.t percentage cf tne iJ_ t-nsity at a frequency can be saild

to come from a single soar=e. To =oapute the =o3'erence one

first calculates the cross power spectral densities between

the channels. For a given pair of channels X and Y, the

cross power spectral dens5ty(S ) is 1-fined:

sxy(f j ) =1/NXf) T (f4

n= 1

-his Z.quaion is - n .oaer - blocks : da -: sen-

*-th c ugh h e F77 an i Fvs::a g ?d; :((f) a-.! y~fj) a:z:e~'

along -hE appropriate aciS, . he crce(A is efine

as:

l,,(fj ) = -

(SX  (-l) j)

F¢- -he lan- da'a cohe..s2zes were _So d-termaej :z_ :ne

Y-Z p" =ns and the Z-X -ane. Fi-a:_s 3.7 and 3.3 show
tyic a' "an and sea coh. -r a s, i- al! co -

th= horizontal olane. Note -hat on the 1 ..- cherence.

stays very close -c its maximum valaue of one uatii. aoorcxi-

mately 7-8 Hz and then starts to d a:aase while in the case
of the sea data there is aore structure at the lower

rquencies. This type of behavior is typical of most of the

data, although the exact frequency of the decliae varies.

In addition to cotiecance, 3toke-s Darameters may be

ccmpuned from the auto-speztral densities and coss-spec-ral

densities. They can be used to Intzrpre . the gecmagnetic

waves cn a bi-Linear basis, a bi-Cirzalar basis or an ellip-

tical basis.

Although other nota-ions are ucilized for -:he Stokes
parame-ers, the most common notation; sC, sl, s2, s3; will

be employed here [Ref. 91. rhe g;aeaeal form : -he Stokes

pa.ameters are:

K 41
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s0(<al >+<-12 >

s2=2 <a 1a2 zos 6*>

s3=2<al a2 sin6 >

where al and a2 are the instantaneous amplitude of the
o:ogonal components of th.6e- vco n 6i hi

Dhase dffferznce. in taras of the av-o- and the cr:oss-svec-

sO=2 (3x +Sy)

-1=2 (3,v -SY~

s 24 Re .v

s3=4 Is

It must be noted that the Stokes pi:ametsrs weres developedl

o:ainally to describe? mon c hro mati lig, ht and can cn1v ba

_ c~d to cu= =ro b, C fe ted-3h~

-o -e fresquency domain.

The I-LiT a baSi St ?rreC o: -Ihe 3,::okeS z:

ters can be seen by examniaing a supsrposit--on two or:'h1og-
ra-, li*nrearly p cla rized waves ( Rer.: 10. :m p u inq g h

Stokes parameter=s :n this basis yielis:

s012 2
s=12(Bx + By)

3 BycO sin -9YI

Another b asis uses filI for _n t erpretation is the

bi-Circular basis. Thi4s basis is repre sented by --he s'ipsrpo-
sition of two couater-cotating circuilarly polarized waves.

In this basis the Stokes parameters ir:

44
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Figure 3. 9 B-isis for Interpretation

s1=24~ B- .c s -

s2= 234-B_..s-n I

s3=B+ -

A firnal basis of inter -prqtat i;on 's the elliptical basis.

In h _4s case the basis i-s modeled by tha major an minor

axis vectors and the angle formed be; -eet the i-X s a ad th:?

major axis of -the ellipse. From this bas-s the Stokes param-

etars are:

s 2= /2 (B,%B,,)5 s

* s 3 =BmBm

64



Th-e important p oi-t to rote frgthese di*f f -=r - basi'

sets is thart for a qiven wave form (li-near, elliptical, or

cicula r) the Stokes paramaters, as zomputed from the spec-

tral densities, are the sams in any basis 'n which they are

computed. Thi can be easily visaalized by taking a cirCu-

larly or linearly pclazizad wave aril dterm-ninrg the va lue

of the Stokes parameter=- ia each basi-s. It seems t-ha-. these

.terpreta'tions are most easily visualized in the elliptical

basis. Consequrintly, in aditio:n :othe Stokes ru~r

-.~ ade was compu-tea m a., : :7:::c Cas _- i

Th.S ana'S 4aS Calcujated j:r-_ the KZ S esOa:-aj=_: a1 '

s 2 b y -e -i qu a t-c-

o<=1/2 arctan(s2/sl)

Examples of th-a results of t.hs calzaulicns o)F Sh Stkcek

oar a me,6e s an! the anga OG foz Ian! and sa s a a ar-

dioaydin Figures 3.10 to 3.19. !Tot that s1,s2, and s3

azea ncranalized by dividing by si. la. ditin, : ".z la::!

data-, -rhIe samne graphs wae produce!_ foz ths Y-Z n-'Ans anl

The use of Stokes paramreters -*s based cni ioncchroma-i-
and polariz*ed waves. To) leter~iine ths aptolicabiliry to our

data of the S'-okes parameters the isgree of polarization

must be found. ?or a perfaecely polarized monochroma-tic wave

so~ s1l +s21 +s3 .

:f the wave is partifally polarized then sO becomes gz,;ater_

t:haz the sum of th=- squares of the other three FREF.9]. To

determine how clcse to ths polarized c;ase the data lies, t-he

de:gree of polarization (P) can be calculatesd. It is definel

b y , ~( s l + s 2 2. s 3: ) Y
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If P is one --hen the wave is perfaztly polarized and any

T1 ~ analysis based on the Stokes paramete rs wi-ll be completely

a cc u r at e.

For values of P less than one "he analysis is co::=es-

pondingly less valid. However, fa-tors that deped only or

si, s2, an~d s3, such as the anglea< and the ellipticin!y, ars

nc:- effec-.ed by low values of P. Ia such regions ths nciss

level iS much hiahsr and the lata is n::- easily :~~~~

cioe~an l t -~ -_iMe of 1 .7 a o ae unknown ac . 7i

a=nsral they bot- sh'cw a L gh d s re of :oaianc houa h

3 H z whi~le above -'nh-s f:eguerzy 3L markad drop off occurs.
. 14 1-t was also noted t-hat in the land data the dsg:ee of Dclar-

iza~ior -s v ru a!"Iy idenCal in- all nhe lns hsi

aiDparen--l due 1,o the f az-t -_iat the oolarization. was no-:

crllnted alcng anry of ths th e z ssn ng axis and -hse-erors

th rootin ofteto t a .nt =-;s tV ta t :'iStSi ron

P C Lrz s wa Vs :a I'n ed ~a iveP Co nst:ant. (e ~u

One final too! of inte _rre t a:.n of ths dat-a is h s

ellip-ticity of 4the wave (:-1 The =1 7 ptiC4i, is dsfined by

thez majcr- and minor axi-s of the elli.osS,(Ref. 31.
Spicifi-cally E is defined b y:

tanZ=B/

This car also bs writtenr An terzms ol the Stozes parametemrs

as:

E=1/2 arcs4i(s3/(sl a+s2 2+s3 2)V

where E varie-s fr-om lr/4 to -7r/4. rhe int erpre:tatior of E Is

illuminat-ed by consideciag i-ts daozndencs on s3 and th-
elliptical basi-s. T f E is ze~ro thea the mino r axis i-s zer o
which means thIe polariz a 4io-n of- the eavi Is linsar. A-,

* 57
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tha Polarization is ci:cilar and is rotakjing In a rig-q -

handed sense, and a-,E-/ thl? wave Ls again ::iocu2.ar, bu-

With' a left-ian.d ed rotat i:a In bs~ween these values c-- T,
the polarizatiJon of -he wi ve is a: 11lipses with the appro-

priate handsdne ss of ths o:larizatiJoa Ispe-'dirg on whether E
is po s:!4ive or negative. r he? smalls: the absolIutr= valu=e ol

tha eIIi p ti ci ty the4 narrower or norz li'near th1e =lI ' s

becom es.

T, 7,_ u rs 3. 2 L a -n !t~ 3 .

both lard and srea dat-a i-S nral a narr:wD -
varrq !-af t an d r ight 'aandedness t~ rzas of i~

t 4 ~a~or whle appearlro to ba nore :z' 1- ?c a! ,uti

-ha se areas [ Re f. 91
The final result o this ivsiaonis tht hrouac

-h-3 computsation of the Sto:ke-s par-ameztzrs -:he nature ofth
geoagnticwave can, be i rm: n =i. Secfcly dm
the :' of par '_z i -I ',17= C Tu

0- ptct and t'e ori- ttio a7l C* :~~~:e

vainniy of the in e r pr iti*on. ~Aval Pst a a tuati S Ch 0o I
Tzhnical Revort ANPS 61-33-005, c~~ sa dilional Colots

oil all the factors described in this secticn.

C. CMPUTE R PROGRAM DE7 EL3PEMENT AND DATA PROBL EMS

6As rcted earlier tha ab--Iit-y t:o orocess large amoun::s of

data in a tiLmely manner was first put t-o use in -:his proJeC:-

iSept-ember 1982. Tha oriqail p:rojram has teen escoanaea

to compute all of tha fact ors llsted i n 'he prsv-ous

*se ton. It consists of 3. main Dro gram, a FF1 subroutine,

ani a read sub routi-'ne . As noted before the FF1 subrn:ut_--

transfsrs the data n'nto 7he fr"equaanoy domain and t:he real

subroutine 7eals the PCM lata from tq? 3i-gital r-omputsr tap.?

*and places it i-n the ir~u: array. All changes ard adli4nons
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made wer in t he m ain ? ogram, t b :refocre oaly -:. 31 :a 7

program 's :nc".uded --n AppendiX A. Ta'.s program, Lan-dxyz, is
csdt evaluate only 4tas land dat-a. Tevrso o_

program used to evaluate the sea I ata i-S i 4 an-i ca 1 to
Landxyz with the following e xc e pti-on s sea system transfer

functions are used; bacaasp the se a syst-m has o~nly twi

coils, crly onr- plare of Latszpretivs factors --- comvited.

Al1thcuqh the basic program provsed ad.=quarets f-nd o

4 r- =Cro-i7 a :c~n

iouetect-her calcul=a--i o r-s c re t sad = ~v'cr aI o zbla 1 *S -

Joo cntro.T- Lnau: (T (JCL I orov -Ld3 the 'guidanc to a
oDerati-:ng system of t-he C:)31puze r al I iHW : run

jobs. Specifically what- L-ntpu- and output devizres --o use:1 ant

ho-w Muc'h memnorv -13 allocates -o t-he 0:roramn Qu::ng aeac' s-Zeo

orf its execu-ior. (In the program t~s JCL can bs lden-ti-fie!

by thz/' n te start o)f e--ach 2ine of this code.) D urin

L:liK, GOQ an PLO: s--:,-ps i tie rn nf i '-r::V

~ :-ecurrent- JCL cs caDa b" d'

two -ous on dat a: 32 Hiz or one noar of data a- 6a HIz.

Sea and Il and data a--- :r:aly =co,-ded or. aralog -ap

and -ther- decodedI an d re-r crded onto diaital taue : o

Near Shore Laboratory of n-ae Naval Pos,iraduate Sc--ho o I. T-hi

pro)cedure is discussed i4- f 2f. 31. The output of -his

re-recording 6z approximat-aly niaty minutes ,f real M
dat a, from either the sea or lard 3sine, on a digital -ape

wit a-eniy of 800 bts pr ih(BPI) . The T.ncraaz
ae ~y proved a great han d'ica D r ao r-a pi =exirson or:

h~ a rogram. The Church bomputer 7erner has fi4-f--eesn -ape

di=ves, but only one of :iese is zapable of han rig a 801
BPI t ape. The competit1--i for thi-s o:ne nape dri-ve- 1 d t--o

p:r) e ssi:r.q tmes o f up w we nt-v- sev :6n hc a r S. This ca

mal1e an.y rr q=aM V ~ng rr e sx -r:Cm elIy Cotl en trs -S Df time
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lost. Ar. atempt was male_ zo t1-ans--oz: seleczed tapes into

the memory of the computez, but itwas unsuccessful due to

miao :r ecording 9 _=or s cn th= dIgi.6al tap ES. Th s

reco:Qztg erros were o)vercome by the read subroutt'e _n

orler to be able to work with the lata. Tme did rot permait

th e presuit of this avernue of imp-.o.vzeant but at best only a

:w tapcis oculd be stored this way because of the vast

amount cf raw dat6a.

c::n~~~i:~r -_~ ~s V ~o ~ -

t a T h e t s-6 tS . ~as 4z A Z,;

iotat kt-cwn frsouency atid voitags ievei as nnsasur =b; a

szqC": !ru I aaa Ivse:r . When th-s tape was noc=essed bv o

Laa ax yz program, t he co:: ec- frequ=encv and ampiitude were

produced, r?ef. 11.

A n:_se -floor Itape wag producsi by replacinog the;: ssto,

cz:;s :,a 120 ohm rert~. This tao was then svalualsd
La~vz 2:o' -0 czi t SDc-2t

s~ -Te vs . 3i-;-ure 3.2' s-Cws t'.1-I roise floor0: sunierim-

Cne~ a: and;3 o.ot.
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I V. ZO NCUSI 311S AND REC-)M END ATIONS

A. CONCLUSIONS

As st-at =d sa rl e r Dart cf the objective of this thzesis-

w 713 o calibralte, Install 7-n c?=e:it= -6h= !an! por:ncn --f

th B Naval ?cs -zraual-e Sc :o.'s as: ncmnetic data c0o71ec-ics
sy3-m. ThIis Wa~s general" su C,:11uLy a comp! Jzin-1 w--~

exceonnor of d=_raa-norn o af oro.duced by using themor
ncns-y La Iesa= si::e rathsr than tnh- Dora remote= ZewIs Fig

s::. xactly how much of an ompovament inthe qua 1 y of
ths data wi. :esut from the: ,nov= to) Chew'S PRiae i-s dfi

cut c pre=dict. Itccuid Possibly 14-minish -the 63 Hz compo-

rnn: so t:aa: data ccuia 3a obta1n=ea 2. t7 e r1~ Ci H z.
ovrall some 70 -ours of land data was llojec-edj durira -i

r s sea zc h, of wh-Iih ordiae :wset-v hcurs has been ev -

For -te thesis's seco-ii cb~ectivre, -mhe oro:duc-ior. :n af
compute:z program and procedures to Ltrrtthe data, hri
expars'or. of the: basic p-.ogram to cm p u the cohs-rences,
Stokes parameters degree of oaiain litclo-n

ta*icn angle, ard the ellioticity woull appear to have satis-

fied the requirement. The major drawback to thifs Syste7m Js

the a i1mi t ed am oun-t of data that car be -7ocessed i-n -a

rsascna )'e -. ime. At most th e curent pr ograms a.-= capabls of'
evaluamir.q only 5-6 h ours :)f land and sea da- a -_n a -:wen-ty-
four perid hsi prmaril due no ta p; driv avai).-

4ability, but the requiremeient of ths man-hours for decodi-na,
re-recording on digital. tipe and tilig thse tapes at the?

cciputer center cannon_ be discounted. The data pcesn

sysn-em has reached the stige whers lirgs amount3 of data can

*be evaluiated but it Is rot yet readv to ,-)pra:9 on a conti-
nuous tasis.
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B. R ECOMM END AT ONS

-The first recommend.ation is --hat the lata transm~ssion

problem be solved so that the :hew's -idqe site can be cper-

*ated or. a conti-nuous basis. This has two advantages; in the

improvement I n the quality of t-h= sampling snvironmenrt ani

in qivir~g a contiuous data str:eam that can be recorde d a-t

apopriate intervals to provides a 1Long tsrm iata base from

whi ch ~cw fr= quency trends could be obse rvsd.

.~mceetcould 13 be Mad= L ~h;e L a 0: dan-a

P::)cc-ssn. S pS CiZ2I c allY, a a.ew dnt~ of_ dan:a ha-dlina --s

nceed. Several alIternati ve s =x-s-:, h, :s t being tiv

*-aclui.siticn of the proj=erts o w r d ecor an'" t-i2 ta pe

a1:1ve -o provide a digizal tape of a highsr d~nsity thncan:

row be made. rh_4s would make: it Q-ssible fcr a two 4-o 94-hn:

fcld reduc-_iOn_ in the r.ainoer of tapssncsayt ho'-Id :hs

daa anc wculd -also give faster ~: around -:-ime d u -i4na

processinqg due -:c tha zcesi numb=_: of: T-ao=e drive-S avai-,

a7 ce-ar. Ozhe: a_ han.dlIna css
are a ..sc -- asib le _;I tai_ probleiz:m of ow dora an a f

t h d* -,-:a! ta !es , I t:) the m ass Ztorage system o -f t he

computr can be overcome. This would make :i- :oossi-ble Zto run,

proqgrams in other -than. the "batch" mnods and avoid --he use 0:,

-ape drive:s -to qain access to the aata.
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APPENDIX A

COMP3TER PROGRAM

//LANDXYZ JOB (1573,0129),' POSUE SIC 1573',ZLASS=F

//*,IAIN ORG=NPGVMI1.1573P,LINES=(991

//-FORMAT PR, DDNAME=PLOr.3 YSVECTRDES7 = LOCAL

// EXC FRTYCLS;,REGIO[.G3=3O3K

//0C T.SYSI'T DD

-NTEGER*2 IN (16)

C ARRAY 'IN' IS USED EN READIN DATA FRO1 TAPE

CO'!PLEX*8 XX(8192) ,Y (3192) Z(3192)

COMPLE'X*8 SXY(8192),SYZ(81921 ,SZX(8192)

C THE COMPLXE*9 ARRAYS ARE USED TO ORDER INPUT

C DATA AND INITIALLY REPRESENTS VJLTAGE-TIIE

C S-FITS INFORMATION

Dj:i NSION TI1E(81921 , FPEQ(81921 ,WORK(1638'4) ,FQ2(8192j

I sN S. 1 (81921 ,Z (8192) ,Z(3192)

D'!- NSION SOXY (8192) , SOYZ (8192) ,SOZX (8192)

D--MENSION SIXY (8192) , SIYZ (81921 , SZX (81921

DIMENSION S2XY (81921 , S2YZ(812t ,S2ZX(8192)

DIMENSION S3XY (8192) , S3YZ (8192) ,S3ZX (8192)

DIMENSION COXY (81921 , COYZ (81921,COZX(81921

IM DIENSION AXY(8192),AYZ(3192) ,kZX (8192)

DIMENSION PXY (8192),?YZ(8192) , ?ZX (8192)

DIMENSION DEXY(8192) ,DEYZ(81921 ,DEZX(81921

C THE 'Z' ARRAYS REPRESENT FREQJENCY O:MAIN (FFT)

C MAGNITUDE DATA AND ARE EVENTUILLY CONVERTED TO

C PCWEP SPECTRAL DENSITY INFORMArION. COXY IS COHERENCE

C MEASURED X TO Y. AKf IS THE ANGLE BETWEEN THE MAJOR

C AXIS OF THE ELLIPSE AND THE K NITS. PXY 1S THE DEGREE

C OF POLARIZATION IN! rHE K-Y PLhAE.

C DEXY IS THE ELLIPTITITY IN THE X-Y PLANE.
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INTEGER*14 IrTB(12)/12*O/

REAL*4 RTB(28)/25*O.O/

REAL ALAB (11) /'X','Y' ~.Z1 ,'C' 1 0,'Slf1''21,'S3','A'

f pl IEI/

FEAL*8 TITLE(12)

EQUIV ALEN C E(T ITLE (11 RT3(5))

C APRAYS 'ITB','RTB',' ALAB',AJID 'rlTLEl ARE USED 1N

c THiE VERTSAT3C PLOTTEr OUTPUZ.

DAm-A XX, YY /16 3 84* (1. , 1.

D AT-A Z/81 92* (o .,0.)

D AT A Z XY,/163 84 * 0 .

D AT A CO X YSO X Y/16 3 8 4*0./

DATA S2XY S3XY/163 84 *0.

DATA S1XY,S1YZ/163844c0./

DATA CO YZ, SOYZ/16 3 84 *0.

DATA S2 YZ ,S3YZ/ 163 8L4 0.

A -_A C,'',ZY SO Z X/16 3 q0 ./

DATA S2 ZX e53"X/16 3 340

DATA --Z,." Q/1 6384 3./

0AT A AXY, AYZ/1 6384*3./

DATA AZX, S 1ZX/16384*3/

DATA PX Y, PYZ/1638~4*3./

* DATA PZX,DEXY/1638L4*0./

DATA DEZX, DEYZ /16 384 *0./

P12=6.2831 653

C THE FOLLOWING SECT.ION READS rHE DECODED ?CL~ DATA OFF

C THE DIGITAL TAPE kND T'OI EACH CHANNEL SKIPS :-V7IB.Y

C OTHER SAMPLE POINr.

C ISEC=3

C ITL=:SEC*32

ITL=300

DO 55 JJ=1,7TL

CALL RD(20,IN,200,-REC,IRR)

55 CO NTI NUE2
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IFRAME=819 2

NR=16

FNR=FLOAI (NR)

DO 70 L1=l,NR

C THE DO LOOP ENDING RITH STATE.ENT 70 ENABLES THE ?RO-

C GRAM TO PROCESS A LARGE AMOUNr OF DATA BY REPEATING

C THE PROCESS IN BLOZKS. THE DATA POINTS FROM EACH RUN

C THROUGH THE DO LOOP ARE ADDED TOGETHER AND EV-NTUALLY

C AVERAGED BY THE THE NUBE3P OF E THR.OUGHi T LOOP?.

C '7R' REPRESENTS iHE NUM1BER F DATA EQUENCES To BE

C AV 7R AG ED

C 1 SEQUENCE CURRENTLY EQUALS 8192 DATA POINTS FO EACH

C CHANNEL OR 256 SEC),DS AT A SAMPLE RATE OF 32 CPS.

DC 60 JJ=1,IFRALE

CALL RD(20,IN,1000,IREC,IRR)

XX (JJ) =I1N (2)

YY (JJ) =IN (3)

Z (JJ) =IN(4)

cu CNiL'U7

WRITE (6,200) IR,IRE:

200 FORAT(1OX,'IRp=',I5,5X,'IREC=',6,/)

C THIS SECTION GENERATES THE TIME AND FRE2UENCY

C ARRAYS AND NORMALIZES THE INPUT PCM DATA TO VOLTAGE

C IN PREPARATION FOR FAST FOURIER TRANSFORM1 TO THE

C FREQUENCY DOMAIN.
~N=8192

FN=FLOAT(N)

DELTAT= 1./32.

T=FN*DELTA T

DELTAF=1.0/T

DO 20 J=1,N

TIME (J) =DELTAT*FLOAr (J)

FREQ (J) =D ELTAF*FLOAT(J)

XX(J) =(XX (J) -2045. 5) 10./20U5.5
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XX (J) =REA L (XX (J))

YY (3) = (YY (J) -20145. 51 4 10./2045. 3

YY (J) =REAL (YY (J))

Z (J)= (Z (J) -2045.5) *10 ./2045. 5

Z (J)=REAL (Z (J)

C WyXXt IS THE X-COIL DATA, 'YY' IS THE Y-Z-OIL DATA,

20 CO'4TINUE

WRITE (6 9 00) X, Y, Z?

DO 21 J1l, N

? RQ 2(J) =A LOG 10 (FR E Q(J)

21 CONTINUE

C THE NEXT 3 STATEMENT2S PERF)R.% AN1 FFT ON1 THE !I1PUT

C TIME SERIES DATA.

CALL ?OURT (XX, N, 1, -1, 0, WORK)

CALL 7OURT(YY,N,1,-1,O,WOPK)

C T FIS B LO CK O F ST IT: -lET S A? Ll HE S YST M (VOL -T XGET

C ~-FIELD) TRANS-EP? F3ICTION " E RA3 ~)~

C THE TRANSFEP FUN:TION CO'NVEPTS VOLTS TO IANOTESLAS.

C *****WARNI1'NG*****

C THIS TRANSFER FUNCTION IS GOOD FOR MAGNITUDE 011Y.

DO 9 L=1,N4

FPQ=F REQ (L)

IF(FR.Q.LE.25.)GO TO 1

XX (L)=XX(L)/29.

GO TO 8

1 IF(FRQ.LE.15.)GO ro 2

XX(L)=XX(L)/(105.3-3. 1LJ*FRQ)

YY(L)=YY(L)/(181.32-7.588*FR)

Z (L)=Z(L) /(177. 26-7. 8LS*FRQ)

GC TO8q

2 IF(FRQ.LE.1O.)GO TO 3
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XX (L) =XX (L)/(5. 958*FR Q-30.97)

YY (L) =YY (L)/(7. 166 *FRQ-39. 991

Z(L) =Z (L) / (6.L49*FRQ-3 2.35)

GO TO 8

3 IF(FRQ.LE.7.5)GO TO 4

XX (L) =XX (L)/(3. 492*?R Q-6.3 1)

YY (L) =YY (L)/(4 .252' R Q-13. 851

Z (L) =Z (L) / (4. 044*FR --7.89)

G TC 9

'4 IF (FRQ. L--. 5.) GO T 3
XX(L)=XX(L)/(2.6311* RQ+0.14667)

YY(L) =YYL)/(3.012*FRQ-1. 55)

Z (L) =Z (L) / (3. 18 4*FRQ- 1. 4 )

GO TO 8

5 I? (FPQ.LE. 3.) GO TO S

XX(L)=XX(L)/(2.6311 *FRQ+3. 14557)

* y (L) =YY (:)/(2. 7 62 Q)

Z (L) =Z (L / (2. 92*FRQI

GO TO 8

6 XX(L)=XX(L)/(2.72*FR )

GO TO 7

8 CONTINUE

9 CONTINUE

C THIS BLOCK, ENDING WITH 30, TqE MAGNITUDE OF THE

C F EQr!ENCY DOMAIN DArA IS TAKEl AND PLACED IN A REAL
6 • C ARRAY,'ZX' FOR THE X-COIL,'ZY' FOR THE Y-COIL AND ZZ

C FOR THE Z-COIL. THIS DATA IS DIVIDED BY THE NUMBER OF

C SAMPLE POINTS AND SQUARED TO DETEPIINE PDER.

DO 30 I11=,N
SZX (11)=ZX (11) + (CABS([X (I111/FNI ** 2

ZY(I1) =ZY (11) + (CABS(YY(I1))/FNi **2

ZZ(I1)=ZZ (I1) + (CABS(Z (I1) )/FN) 2

S XY(I1)=SXY(1)1+(s(XX(11)/ FN) NGo(YY(11) /FN))
SCOXY (11) COXY (11) + CA3S ( (X X(11) F'41) *CO NJG(YY (ii /F N)
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SYZ (11) =SYZ(I1)+ ((YY(I11)/IFN) *ZD:NJG (Z (T1) FN))

COYZ (11) CCYZ (Il) +CAB S ((YY(I1r) /FN) *CONJG (Z (11) IFN) )

COZX (11) COZX (I1) +CABS ((Z (11)/FN) *CONJG (XK(I1) /FN) )

30 CONTINUE

70 CONTINUE

C THIS BLOCK AVERAGES THE DATA POINTS ADDED IN BLOCK 30

C ABOVE BY INR I. AT T~iIS POINT rHE PowER C~jF7Es ARE

C CC'17V:B-T:D i,;TC c~E nCA o ,i T a--7v": iL
C THE COHERENCES A'ID STOKES PARA~IE:ErnS AR"!

C COM1PUTED IN ALL B!PLANES.

DO 33 13=1,N

S2XY(13)= (REAL (SXY( (13)) /FN?) *L4.

S2YZ(13)= (REAL (SYZ (13))/FNR) *4.

S3YZ"(I3)=(AI~IAG(SYZf(I3))/FRI*4i.

53ZX(13) =(A121 AG (SZ: (3))/ rF!rRJ 4

Cc7,Y (-3)= (COXY (:-3l)/3Q?;T(ZX(I3i *ZY (:3))

CCYZ(3)=(C3YZ(13))/SQRBT.(ZZ(I3i*ZY(I3))

CO"X (13) = (COZX (ID) ) /QRT(ZX (13t *ZZ (13))

ZX (13) ZX 13) *T/F 11

ZY(13)=ZY (13) *'-/FN R

ZZ(13)=ZZ (13) *T/FNR

S1XY(13)= ((Z X( 13) -ZY(13 lT) 2.

S1YZ(13)- ( (ZY (13) -ZZ (13)l /T) *2.

SlZX (13)= ( (ZZ (13) -Z X (13) 1I/T) * 2.

sOXY(13)= (ZX (--31 #zY (13)) /T)*2.

SOT! (13)z (ZX (13) + ZZ ( 13) 1/T) *2.

33 CONTINUE

C THE NEXT DO LOOP CONVEHIS THE 3-FIELD POWER SPECTRAL

C DENSITY INTO DECIBELS REFEFEN:-ED TO 1 NANOTESLA **2

C ?SR HERTZ.



DO 32 1=1 ,N

ZX(I) =10.*ALOG1O(ZX(t))

* ZY(I) =10.*ALOG1O(ZY(I))

ZZ (I)=10.*AL3G1O(ZZ(t))

32 CONTINUE

C THE NEXT BLOCK ELIMINATES THE FIRST 10 DATA POINTS SO

C THAT THE FREQUENCY IS .04 TO 13 HZ.

C S,S2, AND S3 ARE N3RMNLIZED BY S).

C DZGRZ": l O. ;AR NATtJ3, o_:IrO; A:;3L2 ALZHA,

C AND THE ELLIPTICTI"! ARE ALSO :)iJTZD.

DC 950 14=1,8132

FREQ(74)=FREQ (I4+10)

FRQ2(I14) =FQ2 (14+10)

ZX (14)=z:X (14+10)

ZY (14) =ZY (14+ 10)

ZZ (!L4)=ZZ (14+10)

CCXY (14) =CCXY (i4+1 )

slXY(:-4)=SIXY (14. 10/sOxY(IU+1)

s27Y(I4)=s2XY ('r413)/soXY(iLn-1)

S3XY(l4)=S3XY(I4.1rf) /sOXY(IS1 I)

PXY(14) =SQRT(SlXY(I4) **2.S2XY(L4) **2+S3"Y(I4)**2)

DEY(14)=0.5*ARSIN (S3XY(14)/PX (14))

SOXY (14) =1 0. *ALOGI 0 (S OXY (14+ 101)

COYZ (14) =COYZ (14 10)

S1YZ(I)=S 1YZ (14+10) /SOYZ (14+13)

S2YZ(14)=S2YZ (14+10) /SOYZ (14 *)1

S3YZ(I4)=S3YZ (14+10) /SOYZ (14+13)

PYZ (14) =SQRT(S1YZ(14) **2+S2YZ (14) **2+S3YZ (14) **2)

DEYZ(T4)=0.5*ARSIN (53YZ (14)/?YZ (7L))

SOYZ(114)=1 0.*ALOGI0(SOYZ (14+10)

COZX (14) =COZX (14+101

SlZX(I4)=SIZX(4+10)/SOZX(I4+13)

d S2ZX(I4)=S2ZX(I4+10)/SOZX(4+ 1 )

S3ZX (4)=S 3ZX (14+1 0) fS0ZX (14+ 10)
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PZX (14) =S QRT (S1""X (141 **2+S2Z-7 (14) **2.S3ZX (14) **2)

DEZX(14)=0.5*ARSIN(33ZX(I4)/PZC(1L4))

SOZX(1L4)=10.*ALO010(SOZX(L4+10))

AXY (14) =AT AN (S2XY (141 /SlKY (14 12.

AYZ (14) =,TAN (S2YZ(I41 /S1YZ (I'4) /2.

A ZX (1u)=AT AN (S2ZX ('-41/S1ZX (14) 1/2.

950 CONTINUE

C

c V7-SAL" nlOTS

* C

NTS= 10. /DZl.TA F + 1

C IMPTS' DETERM'INES SUMBE OF ?3INTS NECESSAaY

C FOR THE 0 TO 10 HERTZ RANGE TO BE PLOTTED.

C FOR 'THE ITE AID 'RTBI VALUT.S REVIEW THE WRITE-U?

C FOR THE SUBROUTI NE PROCEDURE 'DRAWP'.

TTB (3)=7

:--3(71 =1

7:- : (12 = 1

F:2 (1) =0.0

RTB (2)=0. 0

FTB (3) =ALA B(1)

READ (5, 30300) T:TLE

CALL DRAW? (NPTS,FRQ2, ZX,ITB,RrB)

R-4E (3) = AL A B(2)

6 READ (5, 3000) TITLE

CALL DRAWP (NPTS,FRQ2, ZY,ITB,RTB)

RTB (3) ALAB(3)

P.EAD (5, 30300) T ITLEl

CALL DRAW? (NPTS,FRQ2,.ZZ,ITB,RTB)

RTB (3)VALA B(4)

READ (5, 30 00) TI TLE

CALL DRAW? (NPTS,F-RQ2, CCXYT,IT3,MrB)

URTB (3)=ALA B(5)
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"4

READ (5, 30 0 0) TITLE

CALL DRAWP (NPTS,FRQ2, SOXYITB,RTB)

RTB (3) =ALA B(6)

READ (5,30 00) TITLE

CALL DRAWP (NPTS,FRQ2, S1XY,ITB,RTB)

60 RT B (3) =ALA B(7)

READ(5, 3000) TITLE

CALL DRAWP (NPTS,FRQ2, S2XY,ITB,RrB)

_( 3N= ALA-3)

? AD (5,33 0 0) T IL

CALL DRAWP (NPTS,vPQ2, S3XY,:TB,Q:B)

RT3 (3) =ALA B(4)

READ (5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, COYZ,ITB, ?TB)

RTB (3) =ALA B(5)

EAD (5,30 0 0) TITLE

CALL DiA;? fP T S,FR?2, SO Yz,:-B, ?T3)

'.TLT3 (3)=ALA B(6)
1-1 A: ( 5,3 0 00) T:- .

CALL DRAWP P (TSFRQZ, S1YZ ,TB,RTB)

FTE (3) =ALA B(7)

?:AD (5, 30 0 0) T-TLE

CALL DRAW? (NPTS,FRQ2, S2YZ,ITB,rrB)

FTB (3)=ALAB(8)

READ (5, 3000) TITLE
4. CALL DRAWP (NPTS,FRQ2, S3YZ,ITB,RT3)

RTB(3) =ALAB(4)

- EAD (5,30 0 0) TITLE

CALL DRAWP (NPTS,FRC,2,COZX,ITB,RrB)

RTB (3) =ALA E(5)

READ (5, 30 0 0) TI TLE

CALL DRAWP (NPTS,FRQ2, SOZXTB,.TEB)

RTB (3) =ALA B(6)

READ (5, 30 0 0) TZTLE
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CALL DRAW P(NPTS,FRQ2, SlZX,I-TB,RTSB)

RTB (3)=ALAB(7)

R EAD (5, 30 00) TI TLE

CALL DRAW? (NPTS,FRQ2, S2ZXC,ITB,.EiTB)

F.TB (3) =ALAB(8)

READ (5, 3000) TITLE

CALL DRAWP(NTS,FRQ2,S3ZXITB,RrIB)

?TZ (3)=ALAE (9)

(5,:L3

C A-L DR AWP (N?- S,?-R 2, AX , L-T3, i S)

EAD (5, 30 00) TITLE

CALL :JRAP(1P TS, FR)2 , PXY, :T3, P2,3)

FTE (3) =AL A 2(1 1)

C ALL DR AW P(NPTS, FFQ2, D E-XYIT3, &R T)

B~ ( 3) =.I- 3( 9

:)D (5, 303 0) TIT LE

CALL :)FAW 2 MDT -7 z--"2, AYZ , 1:-E,?.23)

aR:B (3) =ALA E(l0)

R EAD (5, 30 00) T!ITLZ

C ALL DRAWP (NPT S, FRQ2, PYZ, !TB, ar B)

PTB (3) =AL A B(1 1)

READ (5, 30 00) TITLE

CALL DRA? (TS,FRQ2, DEYZ --TB,RTB)

?.T3 (3)=ALA2(9)

READ (5, 30 00) TITLE

CALL DRAW? (NPTS,FRQ2, A-ZX,lTB,R-4)

PTE (3) =ALA B(10)

2TEAD (5, 30 00) TITLE

CALL DRAW? (NTS,FRQ2, Pzx,1-TB,RrB)

RTB(3)=ALAP(1 1)

RZ-AD(5,3000) TITLE

CALL -DPAWP (NTS,FRQ2, DFZX IT3,RTE)
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3300 FORMAT(6A8)

STOP

END

//LKED.SYSUT1 DD SPACE=(1J24,(200,2)))

//O. SYSIN DD

LA MESA SITE, 16 SEP 82, 1250-1330 LDCAL

PSD OF X-COIL. AP IN D5 .EF NT**2/HZ VS HZ

LA H4CSA STE, 16 SEP 82, 1250-1330 L)CAL

PSD OF Y-COIL. AHP IN DB REF NT72/HZ VS HZ

LA MESA SITE, 16 SEP 82, 1250-1330 L)-AL

PSD OF Z-COIL. AMP :N DB REF ,IT**2/HZ VS HZ

LA MESA SITE, 16 SEP 92, 1250-1330 L)ZAL

COHERENCE OF X P Y COILS VS FREQ(HZ)

LA M!ESA SITE, 16 SEP 82, 1250-1330 L3ZAL

SO(10LOG) VS FREQ(HZ) X-Y PLXNE

SLA MESA SITE, 16 SEP 82, 1250-1330 L)ZAL

Si/so 7S .FQ (H X-Y PLANE

LA MESA SITE, 16 S1? 82, 1250-1330 L3ZAL

32/SO VS FiEQ(HZ) :-y ?L .AI

LA '!ESA SITvE, 16 SFP 82, 1250-1330 LUZAL

S3/S0 VS FREQ(HZ) K-Y ?LANE

LA MESA SITE, 16 SEP 82, 1250-1330 L)CAL

COHERENCE OF Y & Z COILS VS FREQ(HZ)

LA MESA SITE, 16 SEP 82, 1250-1330 L):AL

S0(10LOG) VS FREQ(HZ) Y-Z PLANE

4 LA MESA SITE, 16 SEP 82, 1250-1330 L)CAL

S1/SO VS FREQ(HZ) Y-Z PLANE

LA MESA SITE', 16 SEP 82, 1250-1330 L)ZAL
S2/S. VS FREC(HZ) Y-Z PLAN7

4 LA MESA SITE, 16 SEP 82, 1250-1330 L)ZAL

33/SO VS FPEQ(HZ) Y-Z PLANE

LA MESA SITE, 16 SEP 82, 1250-1330 L):AL

COHEEPENCE 0? Z ; X COILS VS FREQ(HZ)

4 LA MESA STE, 16 SEP 82, 1250-1330 L)ZAL



4

SO(10LOG) VS F EQ(HZ) Z-X PLANE

LA MESA SITE, 16 SEP 82, 1250-1330 LOCAL

Si/SO VS FREQ(HZ) Z-X PL..NE

LA MESA SITE, 16 SEP 82, 1250-1330 L)ZAL

S2/SO VS FREQ(HZ) Z-X PLANE

LA MESA SITE, 16 SEP 82, 1250-1330 L3ZAL

S3/SO VS FREQ(HZ) Z-X PLANE

LA MESA SITE, 16 SEP 82, 1250-1330 L)ZAL

A., Y 'iS 7 Z (HEZ)

LA i!ESA SITE, 16 SEP 82, 1250-1330 LD'AL

DEGREE CF POLAPIZATICN VS FR-Q(HZ) X-Y

Lk MESA SITE, 16 SEP 82, 1250-1330 L3ZAL

ELLITICiTY VS :?EQ(HZ) X-Y PLANE

LA MESA SITE, 16 SEP 82, 1250-1330 L)TAL

AYZ VS F.REQ(HZ)

LA MESA SITE, 16 SEP 82, 1250-1330 LDZAL

-OLA IZA-: ' S 7 Z ?..(Z) Y-3

LA 'ESA SITE, 16 SEP 82, 1250-133) L):AL

ICISY VS F1 Q (HZ) Y-Z PLANE

LA 'IESA SITE, 16 3EP 82, 1250-1330 LJCL

AZX 7S F7EQ (HZ)

LA M 7SA SITE, 16 SEP 82, 1250-1330 L)CAL

DEGREE CF POLARIZATION VS FRQ(HZ) Z-X

LA MESA SITE, 16 SEP 82, 1250-1330 L)ZAL

ELLITICITY VS FREQ(HZ) Z-X PLANE

//3C.FT20F001 DD tJNIT=3U03-4,VOL=SER=MDT52,DISP=(OLD,K-EP),

// LABL= (I ,L,, IN),

// DC=- (RECFl =FB,LRECL=32, BLKSIZE=512, DEN=2)

/1
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APPENDIX B

CREW'S RtD3E SUBs PRE?ARATION

Chew's Ridge :s the site o)f Previous land-sids

geomagr-atic d4ata c ollec tio3n. 1t i6 s bocated approxima-sly

t'wenty-three a-: miles soia-h-east: of te Naval Posz.graduats

C,-3zon fo its remoteness f rom -n b ocal oow=er a r L - -3~4

*ie) and t:s virtual "'Iine of 3 - ath ..- :o -:'.I

s chool0 . A, deta iled descri ptior, of --he physirzal layou-t aiil

0 oP:--Zatior of the site can be found inr R ef . 6]
The cr.iginal intention of this re=search was to collect

data frmthis remote:e to provide the siLmultaneous flata
f cr the? se a t r ial1s. Preoarati0n of the si-te and th=e

C sa v e -u7-,l -?, cc::na U:- d 7 0a nMcS : C: f:heFo

T.eda transmis si-:on from ti ste t= ~ Na valI
-:,: Ua 5coo I-00 v- n4 z:--io orVe i n.,rib>

with, t he transm::-ter/reze- verz availe

Previous data collected fro:m Che-w's Ridge was collected

using a m ot or ola system tl-at, suffered f rom overhea- ing

failures when re-quir:ed to oerate -11 a continuous mode.

intially anolher attempt was male to) repair thez Motorola

unt but after one last: falire t:his prove! economicall y
* impcssible and it, was felt -that ti ntddnthv h

bandwidth to accomadate the addition of ths PCI ,to the?
system. Consequently a RFPCC lode! 910 tasi~rrc~e

pair was ordered. These on arrived the first of September

4and initial. testig showed that, although they were capablei

of operating for long p-?rio:ds of tims, -hey di-d not have the

reguir=ed 20 KHz bandwilth to accomzadate the PCM data.

EZffcr-ts ar-e currently anierway t-. expand the banidwidth to
metthe requireMents
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To properly or.ent th-= sensing coils at this site it:, is

recessary to have an accurate known direction. In order to

a--7cmoll-'sh this, irgqui~ies were m ade to the !Iatio-4nal Fcrqs:

Service to determine if they have survey data for ths ar-ia.

Whe n proved nonexistenit, a sicvey by zesection was

con duct ea. A thsodolits was used to) measi-re relative arngles

tc Several prominent tsrrain fezatures in the a:ea from 'he

C!Iswls ?ilge Site. These iieasairemar,17s were made three times

C. n I ::ece 07 velyDpr an rined o n a 15,0

,.au of :ne- area. This allowoed for ti=bs f.:o h da

and' prevente::d blunders in the razogn-t-_o r. of ah terrain
leaures. Th otponnttran faure (Uncle Sam

M'.an'tair) was :anchosen for thea erl of' the or-n-:i. 1hine.

The Grid,- Azimuth to Uncle Sam Mtr. was then computed from

he cocrdin-ataes of the -:wo loavos inally n-h= ~u t
*~cac a:-'~ a -e 1 o e 25 7. 1 >~e. ~ i~

acuzacy or his measure t i s 0one 1ere
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